Introduction
The ubiquitin-proteasome system (UPS) consists of three essential enzymes, the ubiquitin activating (E1), conjugating (E2), and ligase (E3) enzymes, which can methodically relocate ubiquitin molecules to substrate proteins and subsequently promote substrate degradation by the proteasome. 1 The E3 ligases are classified into two groups, the homologous to the E6-AP carboxyl terminus domain containing E3s and the Really Interesting New Gene (RING) domain containing E3s. 2 Anaphase-promoting complex (also called the cyclosome or APC/C) is a member of RING E3s which plays a critical role in cell mitosis by controlling the initiation of anaphase and exit from telophase. 3 In vertebrates, APC/C is a 1.5 megadalton assembly ubiquitin ligase complex containing at least 15 different proteins including APC8, APC10, APC11, APC12, APC13, APC15, APC16, and the co-activator subunits Cdc20 and Cdh1. 4, 5 APC11 is a catalytic core subunit of the APC/C, which is responsible for gathering E2 and catalyzing ubiquitin-chain formation to support ubiquitination of substrates. 6, 7 A dysfunctional APC11 influenced the cell cycle process and mainly caused mitosis arrest. 7 Silencing 
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Zhou et al the APC11 gene in nematode embryonic cells resulted in cell cycle arrest during the first meiotic division. 8 The nonsense mutations of APC6 and APC8 occasionally occurred in cancer cells from different human tissues, while the deleted mutation of APC11 was rare in cancer samples. 9 Human APC11 has been cloned for over 10 years; its role as a catalytic core subunit has been extensively investigated both in vitro and in vivo. 10, 11 However, to our knowledge, there is no study about whether this gene could be a target for cancer therapy. Lung cancer is the most frequently diagnosed cancer and causes the highest number of cancerrelated deaths. 12 After exposure to chemotherapeutic stress, lung cancer cells induced a state of dormancy by activating APC/C. 13 Whether APC11 was implicated in the development of lung cancer is entirely unknown. In this study, we found that APC11 could be served as a prognostic biomarker for lung adenocarcinoma, knockdown of APC11 significantly inhibited lung adenocarcinoma cell growth, colon formation, migration, and invasion.
Materials and methods

Online survival analysis
An online survival tool, which was established using gene expression data and survival information of 1,715 lung cancer patients downloaded from GEO, were used for survival analysis.
14 Briefly, ANAPC11 was entered into the database (http://kmplot.com/analysis/index. php?p=service&cancer=lung) to acquire Kaplan-Meier survival plots. The HR, 95% CIs, and log-rank P were determined and presented on the main plots.
cell culture H1299, H358, H520, and H1915 human lung cancer cells were purchased from American Type Culture Collection (Manassas, VA, USA) and cultured in RPMI-1640 medium with 10% FBS at 37°C in a humidified atmosphere with 5% CO 2 in air.
immunohistochemistry (ihc) staining
The human lung cancer tissues collected from Sir Run Run Shaw Hospital of Zhejiang University were stained with APC11 antibody as described previously. 15 Briefly, the tumor tissue sections of 5 microns were dehydrated and blocked by peroxidase. APC11 antibody (CST, D1E7Q, 1:1,000) was incubated overnight at 4°C. The slides were counterstained with hematoxylin (Surgipath, Richmond, IL, USA). The stained slides were observed under microscope (OLYMPUS 1 × 71; Olympus Corporation, Tokyo, Japan) and images were acquired using the software DP controller (Ver. 3.1.1.267; Olympus Corporation).
sirna transfection
Transfections of siRNAs (synthesized by Dharmacom, Lafayette, CO, USA) were performed using the lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA, USA), following the manufacturer's instruction. The target sequences are as follows: APC11: 5′-GACCATTCATGTGACCTTTTGG-3′; si-Control: 5′-AUUGUAUGCGAUCGCAGAC-3′.
cell counting Kit-8 (ccK-8) assay
Cells were transfected with si-Control or si-APC11 for 48 hours, then split and seeded into 96-well plates with 3,000 cells per well in quadruplicate. At 24, 48, 72, and 96 hours post cell plating, CCK-8 was added and the OD was measured.
clonogenic survival assay
Cells were transfected with si-APC11 or si-Control for 72 hours, then split and seeded into six-well plates with 300 cells per well in triplicate, followed by incubation at 37°C for 7 days. The colonies formed were fixed with 10% acidic acid in methanol and stained with 0.05% methylene blue.
cell migration and invasion assays
The migration and invasion capacities of lung cancer cells were assessed by using transwell assay as described previously. 15 Briefly, NCI-H1299 cells transfected with siControl or si-APC11 were cultured in RPMI-1640 medium for 24 hours and plated on the top surface of the transwell chambers (Corning Inc., Corning, NY, USA) and incubated in humidified environment with 5% CO 2 at 37°C for 48 hours. For invasion assay, Matrigel (0.1 mg/mL) was coated on the top of the transwell chambers. The cells passed through polyethylene membrane (migrated cells) or through Matrigel (invaded cells) were fixed by methanol and stained by crystal violet. Then, the staining cells were observed and counted under a light microscopy (Motic, Xiamen, China).
Western blotting analysis
Whole cell lysates were prepared and subjected to immunoblotting (IB) analysis using antibodies against APC11 (D1E7Q Rabbit mAb #14090, CST; dilution 1:1,000). The signals were visualized by exposure to X-ray films by using the ECL system (GE Healthcare UK Ltd, Little Chalfont, UK).
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statistical analysis
The statistical significance of differences between groups was assessed using GraphPad Prism6 software (GraphPad Software, Inc., La Jolla, CA, USA). The unpaired, two-tailed t-test was used for the comparison of parameters between groups. The level of significance was set at P,0.05.
ethical approval and consent to participate
This study was reviewed and approved by the Ethical Committee of Sir Run Run Shaw Hospital. Written informed consent had been obtained from all the lung cancer patients included in this study. 
Results
high aPc11 mrna level was associated with worse prognosis in lung adenocarcinoma
We used an online survival analysis software, which is based on the information of 1,715 lung cancer patients extracted from GEO data sets, to assess the prognostic value of APC11 mRNA expression level for lung cancers.
14 As a result, high mRNA expression of APC11 was significantly associated with worse survival in lung cancer patients ( Figure 1A) . We further analyzed the prognostic roles of APC11 in different pathological types of lung cancers. Interestingly, higher mRNA expression level of APC11 was associated only with poor OS for lung adenocarcinoma, but not for lung squamous cell carcinoma ( Figure 1B and C) .
Detection of aPc11 expression in lung cancer cell lines by Western blot analysis
As the online data analysis indicated that high APC11 mRNA expression predicated only worse prognosis for lung adenocarcinoma, but not for lung squamous cell carcinoma. The expression levels of APC11 should be variant in different lung cancer cell lines. We then measured the protein expression of APC11 in several lung cancer cell lines by Western blot. The expression level of APC11 was much higher in lung adenocarcinoma cell lines (H358, H1299) than that in lung squamous cancer cell lines (H520, H2170) (Figure 2A) , and densitometric analysis confirmed that lung adenocarcinoma cells (H358, H1299) expressed higher level of APC11 than that in H520 and H2170 cells ( Figure 2B ), which might suggest that APC11 was mainly exerted its oncogenic role in lung adenocarcinoma cells.
Knockdown of aPc11 inhibited lung cancer cell proliferation and metastasis
We next evaluated the role of APC11 in regulating cell proliferation and metastasis of lung cancer cells. Knockdown of APC11 by siRNA significantly reduced the cell proliferation in both H1299 and H358 cells ( Figure 3A) while overexpression of APC11 could promote cell proliferation ( Figure 3B ). In addition, knockdown of APC11 inhibited colony forming ability of both H1299 and H358 cells ( Figure 3C and D) . As a catalytic core subunit of APC/C, APC11 is critical for accurate cell cycle process. Therefore, we examined whether downregulation of APC11 influenced the cell cycle distribution of lung cancer cells. As expected, silencing of APC11 caused mitosis arrest in both H1299 and H358 cells ( Figure 4A ). We next wanted to determine whether APC11 would affect the cancer cell metastasis. Of note, the results of Transwell assay showed that knockdown of APC11 caused an apparent reduction of migrative and invasive capacity in both H1299 and H358 cells ( Figure 4B and C).
aPc11 serves as an independent factor for the prediction of worse survival in lung adenocarcinoma patients
The in vitro experiments revealed that silencing of APC11 significantly inhibited lung adenocarcinoma cell proliferation, migration, and invasion. The online survival data analysis also indicated that APC11 would be a prognostic biomarker in lung adenocarcinoma. In order to further confirm that APC11 could be an independent risk factor of worse outcome in lung adenocarcinoma patients, we then measured the expression of APC11 in 10 normal tissues and 107 lung adenocarcinoma tissues by IHC staining. We could see that APC11 was expressed weakly or moderately in lung normal tissues but was overexpressed in lung tumor tissues ( Figure 5A ). We further divided patients into two groups, the weak and moderate staining of APC11 as negative expression group and the strong staining as positive expression group. As shown in Table 1 
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Overexpression of aPc11 predicts worse survival in lung adenocarcinoma with tumor differentiation (P=0.054). We then employed Kaplan-Meier analysis to evaluate the relationship between APC11 expression and OS in non-small-cell lung cancer (NSCLC) patients. As shown in Figure 5B , high APC11 levels apparently affected the OS of all NSCLC patients.
Furthermore, APC11-positive expression indicated a survival disadvantage in lung adenocarcinoma patients ( Figure 5C ), but not in lung squamous cell carcinoma patients ( Figure 5D ). Importantly, multivariate COX analysis suggested that overexpression of APC11 was an independent risk factor in the OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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Discussion
The APC/C is an E3 ubiquitin ligase with critical functions in controlling cell cycle. It ubiquitinates the anaphase inhibitor securin to initiate sister chromatid separation and ubiquitinates the CyclinB1 to exit from mitosis. 16 Here, we found that APC11, the catalytic core subunit of the APC/C, was much highly expressed in lung cancer tissues than that in normal lung tissues. APC11 silencing arrested lung cancer cells in M phase and inhibited cell proliferation and colon formation. Furthermore, knockdown of APC11 decreased cell migrative and invasive capacities. Importantly, APC11 appeared to be a promising biomarker for predicting the prognosis of lung cancer patients.
The APC/C includes four-part enzyme complex, a structural complex (APC1, APC4, APC5), a tetratricopeptide repeat arm (APC3, APC6-8), an activator that recruits substrates (Cdc20/Cdh1), and a catalytic arm that houses the E2-binding sites (APC22, APC11, APC10) . 17 Mutations in several subunits of APC/C had been reported in cancer samples and were implied as the cause for carcinogenesis. 9, 18 Here, we first used the online survival analysis tool to show that higher mRNA expression of APC11 was significantly associated with worse survival in lung adenocarcinoma patients, but not in lung squamous cell cancer patients. We further investigated the prognostic value of APC11 protein expression in lung cancer tissues. As expected, overexpression of APC11 in protein level also predicted poor prognosis in lung adenocarcinoma patients. The activity of APC/C oscillates during the cell cycle, resulting in different regulatory proteins undergoing degradation sequentially. Targeting some subunits of APC/C with siRNA causes cell cycle arrest and apoptosis in cancer cells. 7, 19, 20 In the present study, we found that silencing of APC11 significantly impaired the cell proliferative and colon forming abilities. Furthermore, APC11 silencing induced cell apoptosis and cell cycle arrest. APC/C was also involved in cell cycleindependent functions, for example, APC/C regulates cellular motility by controlling Rho GTPase activity via ubiquitination of p190. 21 Interestingly, we also found that knockdown of APC11 inhibited lung cancer cell migration and invasion, which implicated the role of APC11 in controlling cell motility. To our knowledge, there is no study about the prognostic significance of APC11 in cancers. In the current study, our multivariate COX analysis suggested that APC11 overexpression was an independent prognostic factor in lung adenocarcinoma.
In summary, our data indicated that overexpression of APC11 was significantly associated with unfavorable outcome, and it was also suggested that overexpression of APC11 could be an independent prognostic factor for lung adenocarcinoma patients. In addition, knockdown of APC11 could significantly inhibit lung cancer cell proliferation, colon formation, migration, and invasion by in vitro study. Taken together, overexpression of APC11 played an important role in the development of lung adenocarcinoma, and it could be a novel target for lung cancer therapy.
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